ABSTRACT. In this research work, we presented the results of theoretical calculations for the change of thermodynamic properties such as enthalpy ∆H, entropy ∆S, heat capacity ∆Cp, and Gibbs free energy ∆G, for pure water, pure ethanol and interaction of mixture (50% water + 50% ethanol) and binary mixture of (water + ethanol) under thermal equilibrium condition at T = (273.15, 283.15, 293.15, 298.15, 305.15, 311.15, 320.15, 333.15) K and at atmospheric pressure. This theoretical calculation was done using Molecular Dynamic (MD) simulation.
INTRODUCTION
Among various components that have been added to water, monohydric alcohols offer most favorable conditions for such studies owing to the amphiphilic nature of alcohol molecules. Alcohols strongly interact with water molecules through hydrogen bonds. The force of this interaction depends on the number and steric arrangement of their alkyl groups, also through hydrophobic effects. Some methods have been applied to the analyses of single atom materials [1] , water [2] [3] [4] [5] [6] and more complex structured materials. Properties of ethanol, in liquid form, are usually experimentally known with high accuracy, and their calculation is most often straightforward. Heat capacity is a basic thermodynamic property, which could be used to characterize a liquid. It is directly linked with temperature derivatives of other basic thermodynamic functions and is therefore indispensable for calculation of differences in these functions between different temperatures. This invaluable information is widely used in physics and chemistry for establishing energy balances in thermodynamics for obtaining entropy and enthalpy values, and for calculating changes in interaction enthalpies with temperature. Since the knowledge of the heat capacities is also required for evaluating the effect of temperature on phase and interaction equilibria, variations in heat capacities serve as a sensitive indicator of phase transitions and are an important tool for understanding changes in the structure of liquid solutions [7] .
Although, in principle, more observables could be computed this set includes the most important thermodynamic properties of the liquids, including temperature derivatives of energy and volume. In this work, the thermodynamic properties of the pure ethanol, pure water, ethanol/ water mixture, and ethanol/water interaction were calculated in the thermal equilibrium state as well as the temperature dependence of these properties are studied. Also, we will present the details of simulations. The obtained results and their meaning are discussed in subsequent sections.
MOLECULAR DYNAMICS SIMULATION
In this research work, Molecular Dynamics Simulations were performed using the GROMACS (version 4.5.4) [8] [9] [10] and the constant atmospheric pressure. We have prepared different boxes at various temperatures to do these calculations. One box contains pure water and the other box contains pure ethanol at various temperatures. Also, the binary system of (water + ethanol) prepared with the ethanol mole fractions x ethanol = 0.5 at various temperatures. number of total molecules is 1000 in the each simulation. In the first step, we assessed the quality of molecules topologies produced automatically through the server PRODRG [11, 12] under the grooms 43a1 force fields [13] . SPC water model were used to describe the interactions of water [14] . Temperature (v-rescale) and pressure (Parrinello-Rahman) were controlled by using weak coupling thermostats [15, 16] . Electrostatic interactions were treated by means of Particle Mesh Ewald (PME) approach [17, 18] . Initial atomic velocities were created on the basis of Maxwellian distribution at the absolute temperature [19, 20] . Numerical integrations were calculated by the velocity verlet algorithm [21] . In the next step, the prepared mixtures, at various temperatures, were put into the 6.5nm × 6.5nm × 6.5nm cubic boxes. A steepestdescent algorithm was used to minimize the energy of each system with a cut-off distance for the short-range neighbor list (1 nm). In the last step, each system was simulated with a time step of 2fs for the total time 50ns. To maintain number of molecules and also values of pressure and temperature (NPT ensemble) during simulation [22] , the coupling time intervals was set at 0.1 ps and 2.0 ps for temperature and pressure, respectively. The compressibility was set at 4.5 × 10 -5 bar -1 and it were used for a total time calculation. Also, the periodic boundary condition and integration of motion equations were carried out by the leap-frog algorithm [23] with a time step of 2 fs. LINCS algorithm [24] was used to fix the chemical bonds between the atoms. Coordinates were saved every 2 ps for subsequent analyses. Using a function called g_energy [25] , we extract the enthalpy, H. The obtained results are finally shown in graphs and tables.
RESULT AND DISCUSSIONS
In this study, the values of change of enthalpy, ∆H, change of entropy, ∆S, change of heat capacity, ∆C p , and change of Gibbs free energy, ∆G, for pure water, pure ethanol, water/ethanol mixture, and interaction of mixture (50% water + 50% ethanol) under thermal equilibrium condition at temperature range T = 273.15 K to T= 333.15 K and at atmospheric pressure were calculated using MD simulation. In these thermodynamic properties, the initial stage is T = 273.15 K (the reference temperature) and the final stages are higher temperatures. Thermodynamic properties of solution have many applications in research works and industries [26] .
For a thermodynamic system, the enthalpy can be defined as the below:
In equation 1, H is enthalpy, U is internal energy, P is the pressure, and V is volume of this system. At constant pressure, change of enthalpy can be obtained from below equation:
In this theoretical study, all studied systems are closed. In a closed system, at constant pressure, the values of volume and ∆Vas well as internal energy and ∆U increase as temperature increases. It shows that according to equation 2, in a closed system, the values of ∆H increase with temperature growth. It is well know that in closed systems, ∆V and ∆U have positive values. For our studied systems, the obtained values of ∆H (at various temperatures) have been plotted in Figure 1 . This figure shows that ∆H for water/ethanol mixture, interaction of mixture (50% water + 50% ethanol), pure ethanol and pure water increases by temperature increasing. In addition, the lowest value of ∆H belongs to interaction of mixture (50% water + 50% ethanol) and also, the highest values of ∆H belong to mixture (ethanol + water) at T = (270 -295) K and pure ethanol at T = (310 -340) K.
The values of ∆H for systems of this study can be fitted by the following equation:
For studied systems of this work, the values of aₒ, a 1 , a 2 , and a 3 has been shown in Table 1 . The change of specific heat capacity or specific heat (∆C p ) is obtained by the following equation:
We can obtain equation 5 by considering equations 3 and 4:
Equation 5 can be used to calculate values of change of specific heat for studied systems of this work. Obtained data are listed in Table 2 .
As it can be seen in Table 2 and Figure 2 , the maximum and minimum values of ∆C p belong to pure ethanol and interaction of mixture (50% water + 50% ethanol), respectively. As we know, the specific heat capacity or specific heat (C p ) is the amount of heat (usually in calories, kilocalories, or joules) needed to increase the temperature of a system by one degree (usually in Celsius or Kelvin). Among studied systems of this research work, pure ethanol has stronger intermolecular force. Therefore, there is need more amount of head to raise the temperature of this system by one degree. Figure 2 . Changes of specific heat for interaction of mixture (50% water + 50% ethanol), water/ethanol mixture, pure ethanol and pure water as a function of temperature. Figure 2 shows the changes of specific heat for studied systems of this work at different temperatures. In this figure it is obvious that the values of ∆C p for interaction of mixture (50% water + 50% ethanol) and water/ethanol mixture decrease by temperature growth. Also, the value of ∆C p for pure ethanol increases by temperature increasing.
Entropy change (∆S) for our studied systems can be calculated as follows:
273.15 (6) For studied systems of this work, the obtained values of ∆S have been plotted in Figure 3 at different temperatures. As it can be seen in Figure 3 , the values of ∆S for our studied systems obey from below order:
The change of Gibbs free energy (∆G) can be calculated by the following equation:
Using Equation 8, for studied systems of this work, the values of ∆G were calculated and listed in Table 3 . It is clear that interactions are possible which their values of ΔG are negative. As it can be seen in Table 3 , for interaction of mixture (50% water + 50% ethanol) in this study, the value of ∆G are negative at 298.15 K, 311.15 K, 320.15 K, and 333.15 K. Therefore, this interaction will be possible only at 298.15 K, 311.15 K, 320.15 K, and 333.15 K. Figure 4 displays self-diffusion coefficients (D)for pure ethanol, pure water and mixture as a function of temperature. Figure 5 shows the mutual diffusion coefficients (D ew ) for mixture (water + ethanol) at various temperatures. Figure 4 shows that by increasing temperature, the self-diffusion coefficient increases. In addition, self-diffusion coefficient for the pure water and waterethanol mixture are maximum and minimum, respectively. The force of bond between atoms in water-ethanol mixture is stronger than that of in the pure ethanol and pure water. All these explanations show that the value of selfdiffusion coefficients has inverse relationship with the force of bond between atoms in a mixture.
On the other hand, Figure 5 shows that for mixture (water + ethanol), the values of mutual diffusion coefficients (D ew ) increase by temperature growth. 
CONCLUSIONS
In this work, we calculated the thermodynamic properties (change of enthalpy, ∆H, change of entropy, ∆S, change of heat capacity, ∆C p , and change of Gibbs free energy, ∆G) for pure water, pure ethanol, water/ethanol mixture, and interaction of mixture (50% water + 50% ethanol) under thermal equilibrium condition at T = (273. 15 15 ) K and at atmospheric pressure. This theoretical calculation was done using Molecular Dynamic (MD) simulation. Results show that the enthalpy changes and entropy changes for ethanol/water mixture, interaction of mixture (50% water + 50% ethanol), the pure ethanol and pure water increases by temperature growth. Also, for mixture of ethanol/water and interaction of mixture (50% water + 50% ethanol), the changes of specific heat decrease by temperature increasing. In addition, the value of Gibbs free energy for interaction of mixture (50% water + 50% ethanol) at different temperatures show that this interaction can occur at T = (298.15, 311.15, 320.15, 333.15) K. 
